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LEDRed-orange Sm3+ doped in CaMgPO4Cl halophosphate phosphor excited at 405 nm was prepared by com-
bustion synthesis. The structure and properties were characterized by X-ray diffraction (XRD), scanning
electron microscope (SEM) and photoluminescence (PL) technique. The photoluminescence properties
were studied by taking excitation and emission spectra and gives red-orange which corresponds
4G5/2? 6H7/2 transition of Sm
3+. CaMgPO4Cl:Sm
3+ halophosphate phosphor may be good candidate for
white LED lighting application.
 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
In recent years rare earth ions doped materials in phosphate
based inorganic compounds form an important family of phos-
phors for solid state lighting applications. White light-emitting
diodes (W-LEDs) offer benefits such as high luminous efficiency,
low energy consumption, long lifetime, and environment friendly
and so on. They are useful lto the next generation for solid state
lighting, by replacing of conventional incandescent and fluorescent
lamps [1]. Rare earth ions play significant role in modern technol-
ogy. One approach to generate white light in w-LEDs is to combine
an UV chip with tricolor (red, green and blue) phosphors. However,
commercially red phosphors for w-LEDs such as Y2O2S:Eu3+ show
chemical instability and lower efficiency under near-ultraviolet
(NUV) or blue light excitations [2]. However, NUV InGaN-based
LEDs, having from 350 to 420 nm received more attention because
NUV-LED can offer a highly efficient solid-state lighting [3]. There-
fore, a novel and stable red phosphor is expected, which shows
intense emission efficiently upon NUV excitation. It is well known
that hosts of red phosphors widely studied are based on phos-
phates [4]. The emission of Sm3+ is situated in the orange spectral
region and consists of transitions from the excited 4G5/2 level to the
ground state 6H5/2 and higher levels 6HJ (J = 7/2, 9/2 and 11/2) [5].
Hence trivalent samarium (Sm3+) has been known to shows a
strong emission in red–orange region for solid state lighting appli-
cations [6].In this work, we synthesized CaMgPO4Cl:Sm3+ phosphors by
using the combustion synthesis method in order to find the possi-
bility of the applications as rare-earth ions-doped phosphors for
NUV excitation. We characterized the structures and properties
of CaMgPO4Cl:Sm3+ halophosphate based phosphors. Also we stud-
ied photoluminescent properties of CaMg-PO4Cl:Sm3+ phosphors
by taking excitation and emission spectra. We found that the
CaMg-PO4Cl:Sm3+ phosphors were red-orange emitting phosphors
and higher efficiency for the operation with the NUV excitation.Experimental
The Sm3+ activated CaMgPO4Cl phosphors were prepared via
combustion synthesis. The starting AR grade materials (99.99%
purity) were taken where calcium nitrate (Ca(NO3)2), ammonium
di-hydrogen phosphate NH4H2PO4, magnesium nitrate Mg(NO3)2,
Samarium oxide (Sm2O3), ammonium chloride (NH4Cl) and urea
used as fuel. In the present investigation, materials were prepared
according to the chemical formula Ca1xMgPO4Cl:Smx
(0.1 6 x 6 1.0). Sm3+ ions were introduced as Sm(NO3)3 solutions
by dissolving Sm2O3 into dil. HNO3 solution for the preparation
of Ca1xMgPO4Cl:Smx (0.1 6 x 6 1.0) phosphor. After mixing all
reagents about 15 min, and we will get a homogeneous mixture
and transferred into a furnace preheated at 650 C and the porous
products were obtained. The photoluminescence measurement of
excitation and emission were recorded on the Shimadzu RF5301PC
spectrofluorophotometer. Emission and excitation spectra were
recorded using a spectral slit width of 1.5 nm. The prepared host
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ray powder diffraction (XRD), using a PAN-analytical diffractome-
ter (Cu–Ka radiation).Results and discussion
XRD
Fig. 1 gives the XRD patterns of CaMgPO4Cl phosphor. However,
the obtained diffraction peaks of compound does not match any
data in the JCPDS base after careful comparison with the reported
compounds, considering that the starting materials are weight
according to the given chemical composition of CaMgPO4Cl matrix,
they are thereby named as Ca1xMgPO4Cl:Smx (0.1 6 x 6 1.0) phos-
phor in this paper. For the obtained phase, it is carefully observed
that there is no peak of starting materials. It is found that the main
phase does not agree with any JCPDS available. Different tempera-
tures do not result in new other phase except the unknown main
phase. Consequently, we speculate that the obtained unknown
phase is likely to be a new phase. With respect to this point, a fur-
ther study is still being carried on. Fig. 1 shows the X-ray diffrac-
tion (XRD) pattern of CaMgPO4Cl, material. The XRD pattern did
not indicate presence of the constituents like, (Ca(NO3)2), NH4H2-
PO4, Mg(NO3)2 and other likely phases which are an indirect evi-
dence for the formation of the desired compound. These results
indicate that the final product was formed in crystalline and homo-
geneous form. Prepared compounds XRDs data not available in
standards JCPDs file. However, some new diffraction peaks also
emerge, which are characteristic diffraction peaks for the prepared
samples, but cannot be attributed to any known compounds.Surface morphology of CaMgPO4Cl:Sm
3+
Microstructure and morphology of the material sample were
investigated by SEM micrographs. The luminescence properties of
phosphor materials depends upon on the morphology of the parti-
cle, such as size, shape, size distribution, defects, and so on. Fig. 2
shows the SEM micrographs of phosphor samples under study.
The SEM photographs of CaMgPO4Cl:Sm3+ phosphor clearly shows
that the grains have an irregular shape in particles with a size less
than 1 lm. This shows that the combustion reactions of the mix-
tures took place well. The typical morphological images are repre-
sented in Fig. 2. The particles possess foamy like morphology
formed from highly agglomerated crystallites. An average crystal-
lite size is in sub-micrometer range of CaMgPO4Cl:Sm3+ phosphors.Fig. 1. X-ray diffraction (XRD) patternsThe grains have particle size of about 0.5–2 lm with irregular in
shapes. These sub-micrometers CaMgPO4Cl:Sm3+ phosphor plausi-
bly suitable for coating purpose in lighting industry particularly, in
solid state lighting [7].Photoluminescent properties of Sm3+ activated CaMgPO4Cl
Fig. 3 shows the excitation spectrum of the CaMgPO4Cl:Sm3+
phosphors. The excitation spectrum was monitored at 600 nm.
The excitation spectrum in the range 405 nm consists of the under
excitation of 405 nm, the Sm3+-doped phosphor shows three main
emission at 565 nm (4G5/2-6H5/2), 600 nm (4G5/2-6H7/2), 648 nm
(4G5/2-6H9/2), respectively [8].
Fig. 3 shows the PL excitation and emission spectra of
CaMgPO4Cl:Sm3+ phosphor. The emission spectra under 405 nm
UV light excitation are similar to each other in shape, which can
be attributed to the characteristic emission of Sm3+ ion. The main
emission line around 600 nm is assigned to the 4G5/2? 6H7/2 tran-
sition. The weaker emissions in the vicinity of 565 and 648 nm are
ascribed to the 4G5/2? 6H5/2, 4G5/2? 6H9/2 transitions, respectively
[9]. Fig. 4 shows UV–visible absorptions spectra of CaMgPO4Cl:
Sm3+ phosphor. The Sm3+ concentration are 0.1 mol%, 0.3-mol%,
and 1 mol% are observed that absorption are weak. A strong
absorption band of NUV was observed around 405 nm correspond-
ing to 6H5/2? 4F7/2 from doped Sm3+ ions. Most of these bands
were also observed in the excitation spectra from these absorption
band and that prove that luminescent properties are orientated
from direct transition ground state 6H5/2 excited state of Sm3+
[10]. Fig. 3 shows that excitation spectra monitored at 600 nm
emission of CaMgPO4Cl:Sm3+ phosphor. The Sm3+ concentration
are 0.3 mol%, 0.1 mol%, 1 mol% and 0.5 mol%. The excitation bands
were 4D3/2 at 363 nm, 4D1/2 at 379 nm and all these bands are tran-
sition from ground state 6H5/2 is higher energy level of Sm3+ hence
transition of and all these bands from ground state 6H5/2? 4F7/2 at
405 nm and it has maximum intensity. The transition of these exci-
tation spectra are nearly to absorption spectra of UV–visible region
as shown in Fig. 3 [11]. Fig. 4 shows emission spectra of CaMgPO4-
Cl:Sm3+ phosphor with excitation 6H5/2? 4F7/2 at 405 nm and the
emission band were by the intra 4f transition of Sm3+ such that
4G5/2? 6H5/2 at 565 nm, 4G5/2? 6H7/2 at 600 nm, 4G5/2? 6H9/2 at
648 nm [12]. The transition 4G5/2? 6H7/2 is maximum intensity
and apply for red-orange display materials [13]. The transition
4G5/2? 6H5/2 and 4G5/2? 6H7/2 are magnetic dipole transition
and 4G5/2? 6H9/2 is an electric dipole transition [6]. The strongest
excitation peak in the CaMgPO4Cl:Sm3+ halophosphate phosphorsof CaMgPO4Cl phosphor powder.
Fig. 2. SEM patterns of CaMgPO4Cl:Sm3+ phosphor powder.
Fig. 3. Excitation spectrum CaMgPO4Cl:Sm3+ phosphor monitored at 600 nm.
Fig. 4. Emission spectra of Ca1xMgPO4Cl:Smx3+ (0.1 6 x 6 1.0) (kexcited = 405 nm).
Fig. 5. Variation in the PL intensity due to Sm3+ ion concentrations.
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6H5/2? 4L13/2 transition of Sm3+ [14]. The effective excitation peak
at 405 nm having intense orange-red emission acquired in the near
UV-LED which has excitation peak between 363 nm and 405 nm.
Normally, phosphor having luminescence properties are
strongly affected by concentration of rare earths materials. It is
seems that in different type of synthesis method. Normally low
doped activator gives weak luminescence but excess doping causes
quenching of luminescence [15]. In our sample preparation thephosphor gives the maximum intensity of emission are observed
at (Sm3+) 0.5 mol% shown in Fig. 5. The excitation spectrum is at
405 nm and it is properties of LED lighting and gives the emission
in orange-red region and this phosphor may be good candidates for
white LED lighting.Chromatic properties
By using 1931 CIE chromatic colour coordinates are specified
lighting that recognize human visual system uses three colours
red, green and blue [16,17]. In this system the light sources are rep-
resented by (X, Y) coordinates and coloured are compared with
1931 CIE diagram. The colour purity was compared to the 1931
CIE Standard Source C (illuminant Cs(0.3101, 0.3162)). The chro-
matic coordinates (x, y), was calculated using the colour calculator
program radiant imaging [18]. In this article the coordinates of
Sm3+ are doped CaMgPO4Cl Phosphor are located (X = 0.62,
Y = 0.37) as shown in Fig. 6 indicates that the colour properties
of the phosphor powder prepared by combustion method is
approaching those required for field emission displays. The domi-
nant wavelength is the single monochromatic wavelength that
appears to have the same colour as the light source. This result
indicates that high colour purity of this CaMgPO4Cl:Sm3+ halophos-
phate phosphors because it is slightly near to the edge of the CIE
diagram. Hence, such material may be an efficient photolumines-
cent material for solid-state lighting phosphors as a red compo-
nent, and helpful in generating white light with a particular ratio
of this phosphor.
Fig. 6. CIE chromatic diagram showing the coordinates [18].
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In present article, we synthesized CaMgPO4Cl:Sm3+ halophos-
phate based phosphor by using combustion synthesis and charac-terized by XRD and spectrophotometer. We studied their
photoluminescent properties and structure of this phosphor. Under
the excitation around 405 nm CaMgPO4Cl phosphor shows orange-
red emission by doped Sm3+ and that phosphor could be promising
good candidate for white light LED application.
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